To study the long-term effect of being overweight on mortality in very elderly subjects.
PURPOSE:
To study the long-term effect of being overweight on mortality in very elderly subjects.
METHODS:
The medical records of 470 inpatients (226 males) with a mean age of 81.5±7 years and hospitalized in an acute geriatric ward between 1999 and 2000 were reviewed for this study. Body mass index (BMI) at admission day was subdivided into quartiles: <22, [22] [23] [24] [25] 25 .01-28, and ≥28 kg/m 2 . Patients were followed-up until August 31, 2004 . Mortality data were taken from death certificates.
RESULTS: During a mean follow-up of 3.46±1.87 years (median 4.2 years [range 1.6 to 5.34 years]), 248 patients died. Those who died had lower baseline BMI than those who survived (24.1±4.2 vs 26.3±4.6 kg/m 2 ; p<.0001). The age-adjusted mortality rate decreased from 24 to 9.6 per 100 patient-years from the highest to lowest BMI quartile (p<.001). BMI was associated with all-cause and cause-specific mortality even after controlling for sex. A multivariate Cox proportional hazards model identified that even after controlling for male gender, age, renal failure, and diabetes mellitus, which increased the risk of all-cause mortality, elevated BMI decreased the allcause mortality risk.
CONCLUSIONS:
In very elderly subjects, elevated BMI was associated with reduced mortality risk. 
INTRODUCTION
Obesity has increased remarkably over the world in the last decades and its prevalence is particularly high in elderly adults. [1] [2] [3] It is estimated that more than two thirds of individuals aged 60 years and older are overweight or obese. The exact impact of elevated body mass index (BMI) on mortality is unclear. It is well accepted that being overweight and obese confer increased risk for total, cardiovascular, and cancer mortality. 1, [3] [4] [5] [6] [7] However, there is some evidence that in certain populations, including the elderly, individuals with coronary heart disease, congestive heart failure, rheumatoid arthritis, and end stage renal failure on dialysis, increased BMI may reduce mortality risk. [8] [9] [10] [11] [12] [13] Most studies that have evaluated the association between BMI and mortality have been carried out in community-dwelling persons of different age groups. 1, 5, [14] [15] [16] [17] Data on the association between BMI measured during hospitalization and long-term mortality in very elderly patients is scarce. 18 It is conceivable that this simple, routine, and noninvasive measure could facilitate mortality risk stratification in hospitalized elderly. The purpose of this study was to retrospectively evaluate the relationship between BMI and long-term mortality in a group of very elderly subjects who were hospitalized in an acute geriatric ward.
SUBJECTS AND METHODS

Study Population
During a 2-year period (January 1, 1999 to December 31, 2000) , all subjects who were admitted consecutively to an acute geriatric ward in the framework of a study on orthostatic hypotension were evaluated. 19 Subjects were included in the aforementioned study if they were at least 60 years old and were able on admission to stand to measure their height, weight, and blood pressure. Subjects who, for medical reasons, could not or were unwilling to stand on admission were excluded from the study. Of 1,852 patients who were hospitalized during this period, 470 patients were included in that study (see Fig. 1 ). The present study reports on follow-up data from the abovementioned cohort. Subjects were followed-up until August 31, 2004 . Records on mortality were obtained from the day of admission to the acute geriatric ward until the end of the follow-up period. This retrospective study based on the blind review and analysis of medical records was approved by the Institutional and Ministry of Health Ethics Committees.
Data Collection
Obtained from the medical record were findings of the clinical evaluation performed on each subject at the time of hospital admission, including detailed medical history and standard physical examination. The following variables were recorded: age, height, weight, ethnic origin, reason(s) for admission, diagnoses, and prescribed medications.
Laboratory findings extracted from the medical record included complete blood cell count and chemistry: serum glucose, urea, creatinine, sodium, potassium, thyrotropin, vitamin B 12 , and folic acid. Comorbid conditions were also identified from the medical record. Hypertension was defined as the presence of a prescription for antihypertensive medications in the medical record or a blood pressure (BP) recording greater than 140/ 90 mmHg on 2 or more repeated measurements. Diabetes mellitus was defined as the presence of hypoglycemic agents in the medical record or a recording of fasting blood glucose of 126 mg/dL on 2 or more measurements. Renal failure was defined as serum creatinine of ≥1.5 mg/dL on more than 2 measurements.
Body Mass Index
Weight and height were measured to the nearest 0.5 kg and 0.5 cm, respectively, and BMI was calculated as weight (kg) divided by height (m 2 ). BMI was divided into quartiles: <22, 22-25, 25.01-28, and ≥28 kg/m 2 .
Mortality Data
Mortality data from January 1, 1999 through August 31, 2004 were extracted from the Population Registry of the Ministry of Interior Affairs. Cause of death was obtained from death certificates and medical records. Cardiovascular mortality was defined as death from stroke, myocardial infarction, congestive heart failure, sudden death, rupture of aortic aneurysm, arrhythmia, or other thromboembolic event. A total of 291 causes are recorded for 248 deaths because more than 1 cause of death was identified for some patients.
Statistical Analysis
Descriptive statistics for continuous variables are reported as the mean±standard deviation. Baseline characteristics of the study population were compared by BMI quartile and by survival status. Continuous variables were compared by BMI quartile using ANOVA and post hoc, pairwise testing was carried out using Bonferroni's method. A p value <.0026 indicated a significant result, thus preserving an overall significance level of .05.Categorical variables were compared by BMI quartile using the chi-square test. Age-adjusted mortality rates, expressed per 100 person-years of follow-up, were compared by BMI quartiles and Kaplan-Meier curves with log rank/Wilcoxon test. Furthermore, survival was modeled using Cox proportional hazard regression including BMI quartile, systolic and diastolic BP, age, gender, diabetes mellitus, hypertension, ischemic heart disease (IHD), congestive heart failure (CHF), smoking, Parkinsonism, prescribed medication, and 2 indicator variables constructed to identify patients with more than 1 chronic disease and patients prescribed more than 1 medication. The results are presented as hazard ratios (HR) and 95% confidence intervals (95%CI). All independent variables, including all two-way interactions, were entered and subsequently withdrawn from the model using a forward, stepwise approach. A variable was included in the model if it made a contribution at the .15 level of significance and was removed if after the addition of subsequent variables to the model, it no longer made a contribution at the .05 significance level. The proportional hazards (PH) assumptions were tested using the baseline empirical cumulative hazards function Ĥ 0 (t) (EHF).
RESULTS
Study Population
Patient characteristics at baseline are presented in Table 1 Age did not differ significantly between subjects who were included and those who were not included in the present study sample. Included subjects were 81.5± 6.8 years of age vs 82.3±7.5 years of age in the nonincluded group, p=0.12. Sex was also similarly distributed between included and nonincluded subjects. Among included subjects, 51.9% were female compared to 53.4% of the nonincluded subjects, p=0.6. Finally, subjects did not differ in terms of duration of hospitalization, a marker of patient complexity/severity. Hospitalization duration was 11.4±10.3 days among included subjects and 11.8±11.1 days among nonincluded subjects, p=0.5
Patients in the highest BMI quartile were more likely to be female and had the highest blood pressure (BP) levels (Table 1) . They also had a higher rate of hypertension (p<.0001) and a lower rate of Parkinson's disease (p=.01) than those in the lowest quartile of BMI. Patients in the highest BMI quartile used more beta-blockers (p=.002) and diuretics (p=.01) than those in the lowest BMI quartile (Table 1) .
Mortality Rate
There were a total of 248 deaths in the entire cohort over a mean follow-up of 3. Those who died were more likely to be men and to have ischemic heart disease, congestive heart failure, diabetes mellitus, Parkinson's disease, and more than 1 disease than those who survived (Table 2) . Death was most frequently because of cardiovascular diseases (n=127), sepsis (n=111), and malignancy (n=34). Women died less frequently than men from cardiovascular causes [HR=0.68; 95%CI=0.47-0.98, p=.036].
Effect of BMI on Mortality
Patients with the lowest BMI had the highest rate of mortality ( Table 3) . As can be seen, the age-adjusted mortality rate decreased from 24 per 100 patient-years in the lowest BMI quartile to 9.6 per 100 patient-years in the highest BMI quartile (p<.001).
To avoid the influence of an acute disease during hospitalization on death rate, data were reanalyzed after excluding the 42 subjects who died within 6 months of hospitalization. After the elimination of these subjects, the mortality rate remained the highest among those in the lowest BMI quartile. BMI was inversely associated with mortality regardless of sex and cause of death (data not shown). The mortality rate was significantly higher in subjects with the lowest BMI quartile compared to the highest BMI quartile ( Fig. 2; gender, age, diabetes mellitus, and renal failure increased, whereas highest BMI quartile decreased all-cause mortality risk (Table 4) . Specifically, male gender increased the risk of all-cause mortality by a relative 38% (95%CI=6-78%); each 1-year increase in age increased the all-cause mortality risk by a relative 6% (95%CI=4-9%); diabetes increased the risk of allcause mortality by 53% (95%CI=18-99%); and renal failure increased the all-cause mortality risk by a relative 72% (95%CI= 28-129%). Conversely, the highest quartile of BMI decreased allcause mortality risk by a relative 33% (95%CI=13-49%).
DISCUSSION
In this retrospective cohort of elderly patients admitted to an acute geriatric ward, increased BMI was associated with a lower mortality rate. The association between BMI and mortality rate was linear and not U-or J-shaped. Thus, in very old hospitalized subjects, low BMI values were deleterious rather than favorable. The deleterious effect of low BMI was observed in both sexes and held true regardless of the cause of death. Elevated BMI has been associated with decreased mortality through the preservation of fat-free mass. 20 Nicoletti et al. 21 suggested that the neurohormonal system might protect the overweight individual against the catabolic effects of some diseases. Low fat-free mass itself has been associated with mortality as described by Allison et al. and Heitmann et al. 22, 23 Fat-free mass was not measured in the present study, but it is reasonable to assume that these very elderly patients had low fat-free mass.
The findings of the present study are consistent with those of Fonarrow et al. who recently reported improved survival among subjects with elevated BMI in a very large cohort of individuals hospitalized for decompensated CHF. 24 Proposed mechanisms for the improved survival were observed to be associated with increased BMI including modulation of the inflammatory response and increased nutritional and metabolic reserve. 25 Results of the present study are in contrast to those of Calle et al. 5 and others who reported that obesity is associated with the increased rate of mortality. 1, 15, [26] [27] [28] [29] The deleterious effect of being overweight on mortality was mainly observed in young and middle-age subjects. 5, 14, 15, 30, 31 In these age groups, obesity may be accompanied by traditional cardiac risk factors such as hypertension, diabetes mellitus, sedentary lifestyle, and hyperlipidemia. 1, 2, 5, 7, 16, [32] [33] [34] Indeed, in the present cohort, patients in the highest BMI quartile were more likely to have hypertension and were more frequently treated with diuretics and beta-blockers. It is possible that the present cohort reflects selective survival into very old age such that younger obese individuals with cardiovascular disease would not have survived to this age group. Specifically, overweight subjects who survived cardiovascular disease and other illnesses earlier in life may possess longevity genes, which may have protected them from mortality during the present follow-up period as well. A combination of genetic predisposition together with adequate energy stores in the form of fat may have served to protect these individuals from catabolic processes.
In agreement with the present study, other studies have reported an inverse association between BMI and mortality risk. [35] [36] [37] Recently, Janssen et al. 38 reported that the association between elevated BMI and reduced mortality risk was related to waist circumference (WC). This suggests that patients with elevated BMI and low WC have low mortality risk, whereas patients with high WC and elevated BMI have increased mortality risk, especially cardiovascular mortality. WC was not measured in the present study. A study in which WC is considered in addition to BMI as a mortality risk stratifier would be appropriate. An important limitation of the present study is that BMI was measured in patients hospitalized for acute illness originally studied for orthostatic hypotension. This clearly limits the generalizability of the findings. The BMI of excluded subjects who were in generally poorer health than included subjects was not measured. If their BMI was significantly greater than included subjects, it is possible that the inverse association we observed between BMI and mortality is an overestimation of the true association. Conversely, if their BMI was significantly lower than that of included subjects, the association we observed between BMI and mortality would be an underestimation of the true association.
It is also important to note that whereas subjects who died during follow-up had lower BMI values than survivors, all subjects had BMI values within the normal range. 39 This suggests that normal values developed for the general population may not be appropriate for classifying the elderly in terms of mortality risk. It cannot be overlooked, however, that the increased mortality associated with low BMI in the present study may be attributable to preexisting diseases in this patient cohort. Because BMI was measured in the subjects on a crosssectional basis, it is not possible to know whether low BMI at a given point in time is a reflection of a stable, low body weight or whether it reflects a loss of weight during the period of time before measurement. If low BMI in fact is a function of weight loss, especially unintentional weight loss, then it is not surprising that it would be positively associated with mortality, as it could represent an underlying, undiagnosed pathology. However, the inverse relationship between BMI and mortality was preserved even after the exclusion of patients who died within 6 months after hospitalization in an attempt to control for the possibility of acute or subacute underlying illness. It is understood that complete adjustment for this process could only be obtained through repeated, prospective measures of BMI. Furthermore, the cause of death was taken from death records and not from autopsy data, which increases the risk of misclassification. 41 Autopsy is uncommonly performed in
Israel because of cultural/religious practices.
In conclusion, in very elderly subjects hospitalized for acute illness, elevated BMI was associated with reduced mortality regardless of sex and cause of death. This study brings into question the appropriateness of presently used BMI cutoffs for hospitalized elderly patients.
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